Two isoprenylated flavanones, macatrichocarpins A and B, and two isoprenylated dihydrochalcones, macatrichocarpins C and D, have been isolated and identified from the acetone extract of the leaves of Macaranga trichocarpa. The structures of these compounds were determined based on spectroscopic data, including UV, IR, 1D and 2D NMR spectroscopic and HREIMS data. This is the first report of the presence of dihydrochalcone derivatives in the genus Macaranga.
Macaranga is one of the large genera of the family Euphorbiaceae, consisting of about 250 species with a relatively wide distribution, from Africa and Madagascar in the West to tropical Asia, North Australia, and Pacific islands in the East [1] . Phytochemical studies have shown that the plants produce a variety of terpenoids and isoprenylated flavonoids and stilbenes [2, and references cited therein]. As part of the interest in isoprenylated aromatic compounds [3, 4] , we have examined one of endemic Macaranga plants growing in the Kalimantan island, Indonesia, M. trichocarpa (Reichb. & Zoll.) Műll.Arg. In this paper we report the isolation and structure elucidation of isoprenylated and methylated flavanones 1 and 2, and dihydrochalcones 3 and 4, trivially named macatrichocarpins A-D respectively, from the acetone extract of the plant leaves. This is the first report of the occurrence of dihydrochalcone derivatives in Macaranga.
Macatrichocarpin A (1) was isolated as a pale yellowish solid. The HR-EIMS spectrum of 1 showed a molecular ion at m/z 354.1464, consistent with a molecular formula C 21 H 22 O 5 . In the IR spectrum of 1 the presence of hydroxyl (3400 cm -1 ), alkyl (2950, 2920, 2850 cm -1 ), a conjugated carbonyl (1638 cm -1 ), and aromatic (3076, 1503, 1463 cm -1 ) groups were observed. The NMR data of 1 (Table 1) exhibited three doublet of doublets proton signals at δ H 2.75, 3.11, and 5.32, and a conjugated carbonyl carbon signal at δ C 196.5, signals characteristic of a flavanone [5] . The 13 C NMR (APT) spectrum showed 21 well separated carbon signals, one of which (δ C 55.5) was assigned to a methoxyl carbon atom. These spectroscopic data suggested that 1 is an Omethylated flavanone substituted with an isoprenyl group. 
1.70 (br s) 17.7 C-2", C-3", C-4" 1.69 (br s) 17.7 C-2", C-3", C-4" 5-OH 12.05 (s) C-4a, C-5, C-6 12.03 (s) C-4a, C-5, C-6 7-OCH 3 3.78 (s) 55.4 C-7 4'-OCH 3 3.84 (s) 55.5 C-4' 3.83 (s) 55.5 C-4' hydroxyl group (δ H 12.05) suggested that the oxygenated functionalities are at C-5, C-7, and C-4' of the flavanone structure. Therefore, the presence of a pair of meta-coupled aromatic signals (δ H 5.97 and 5.99) and three aromatic signals of an ABC type (δ H 6.86, 7.19, and 7.23) allowed the placement of the isoprenyl group at C-3'. Support for the attachment of this group, as well as the position of the methoxyl groups, was obtained from the HMQC and HMBC spectra as shown in Table 1 . The HMBC spectrum, in particular, disclosed long range 1 H-13 C correlations between the methylene signal at δ H 3.33 with the oxyaryl carbon (δ C 157.7), a quarternary carbon C-3' (δ C 130.7), and an aromatic methine carbon (δ C 127.5), thus confirming the position of the isoprenyl group at C-3'. Furthermore, the HMBC spectrum also revealed that the oxyaryl carbon signal at δ C 157.7 was correlated with the methoxyl signal at δ H 3.84, securing the location of the methoxyl group at C-4'. Structure 1 was, therefore, assigned to macatrichocarpin A. Complete HMBC correlations, in support of structure 1, are shown in Table 1 . Consistent with this structure, the UV spectrum of 1 showed absorption typical of a free 7-OH-flavanone (λ max 203 and 287 nm in MeOH, and the latter being shifted to λ max 324 nm on addition NaOAc [6] ). In addition, the presence of an ion fragment at m/z 202, produced by a retro Diels-Alder fragmentation, in the EIMS spectrum of 1 also confirms the position of the methoxyl group in ring B. The stereochemistry at C-2 was deduced to be S from the negative specific rotation of 1 [5] .
Macatrichocarpin B (2), isolated also as a pale yellowish solid, had a molecular formula C 22 H 24 O 5 , deduced from the molecular ion at m/z 368.1620 in the HR-EIMS spectrum, suggesting that 2 was a methyl derivative of 1. The IR and UV spectra of 2 (see Experimental) were very similar to those of 1. However, a bathochromic shift on addition of NaOAc was not observed, suggesting that the hydroxyl group at C-7 is also methylated. The NMR data of 2 were essentially the same as those of 1, except that 2 contains two methoxyl groups (δ H 3.78, 3.83; δ C 55.4, 55.5). The presence of a chelated hydroxyl group in 2 (δ H 12.03) indicated that these two methoxyl groups are located at C-7 and C-4'. As a consequence, the meta-coupled aromatic signals at H-6 and H-8 were slightly shifted to lower fields at δ H 6.04 and 6.02, respectively. One-bond and two-and three-bonds 1 H-13 C correlations found in the HMQC and HMBC spectra (Table 1) are consistent with structure 2. Thus, structure 2 was assigned to macatrichocarpin B, and from its negative specific rotation, the stereochemistry at C-2 was also deduced to be S. Macatrichocarpin C (3) was isolated as a pale yellowish solid. The UV spectra of 3 were very close to those of 1, indicating that they have similar functionalities. However, a molecular formula C 21 H 24 O 5 based on its HR-EIMS spectrum (molecular ion at m/z 356.1624) suggested that 3 is a dihydrochalcone analog of 1. The NMR data of 3 (Table 2 ) showed a pair of triplet signals at δ H 2.88 and 3.34, and a conjugated carbonyl signal at δ C 205.2, assignable to the aliphatic part of the dihydrochalcone skeleton. The rest of the NMR parameters were very close to those of 1, and structure 3 was assigned to macatrichocarpin C. HMQC and HMBC spectra of 3 confirmed the position of the methoxyl and 3-methyl-2-buten-1-yl groups (Table 2 ). Macatrichocarpin C, therefore, has been shown to have the structure 3.
Macatrichocarpin D (4) was isolated as a pale yellowish solid. The HR-EIMS spectrum of 4 established its molecular formula to be C 22 H 26 O 5 (molecular ion at m/z 370.1785), suggesting that 4 was a methyl derivative of 3. Based on the analysis of UV, IR, and NMR spectroscopic data (Table 2) , including 2D NMR data HMQC and HMBC, and comparison with that of 3, structure 4 was assigned to macatrichocarpin D.
The isolation of dihydrochalcones in M. trichocarpa represents the first reported occurrence of these compounds in a Macaranga species. Previous aromatic compounds isolated in the genus include flavanone [7] [8] [9] [10] [11] [12] [13] , flavonol [12] [13] [14] [15] [16] , dihydroflavonol [2, 13] , rotenoid [16] , stilbene [2, [17] [18] [19] , and coumarin [10, 16, 20] derivatives. The presence of dihydrochalcone derivatives in Macaranga, therefore, could be of chemotaxonomic significance, not only within the genus but also in relation to other genera in the same family. The flavanone derivatives are so far the most common flavonoid produced by Macaranga.
Experimental
General: UV and IR spectra were measured with a Perkin Elmer Lambda 25 UV/Vis and Perkin Elmer Spectrum One FTIR spectrometers, respectively. 1 H and 13 C NMR spectra were recorded with a JEOL JNM ECA500, operating at 500 ( 1 H) and 125 ( 13 C) MHz, using residual (δ H 7.26) and deuterated solvent (δ C 77.0) peaks of CDCl 3 as reference standards. Mass spectra were measured with a VG Autospec mass spectrometer (EI mode). VLC (vacuum liquid chromatography) and radial chromatography were carried out using Merck silica gel 60 GF 254 , respectively, and for TLC analysis, pre-coated silica gel plates (Merck Kieselgel 60 GF 254 , 0.25 mm thickness) were used. Solvents used for extraction and preparative chromatography were technical grades that were distilled before use.
Plant materials: Samples of the leaves of M. trichocarpa were collected from Kalimantan, Indonesia. The plant was identified by Mr Ismail, Herbarium Bogoriense, Bogor, Indonesia, and the voucher specimen was deposited in the herbarium.
Extraction and isolation:
The dried and powdered leaves of M. trichocarpa (1 kg) were macerated with acetone, and after solvent evaporation under reduced pressure, afforded a dark green acetone-extract (50 g). A part of the extract (25 g) was fractionated by VLC on silica gel (150 g) eluted with n-hexaneEtOAc of increasing polarity (9:1, 4:1, 7:3, 3:2, and 2:3, each 300, 450, 450, 300, and 300 mL) to give 13 fractions. Fraction-6 (1 g) was purified by radial chromatography (silica gel) eluted with n-hexanediethyl ether-CHCl 3 (8:2:1 to 3:1:1) to afford a fraction rich in compound 2 (fraction-61, 200 mg) and compound 4 (140 mg). The fraction-61, on purification using the same method [eluted with n-hexane-EtOAc (19:1)] yielded compound 2 (95 mg). Fractions 9-11 were combined and were refractionated by VLC on silica gel (150 g) eluted with n-hexane-EtOAc (4:1, 3:1, and 7:3, each 600 mL) to give two major fractions. Purification of the more polar fraction (2 g) by VLC (silica gel, 80 g, eluted with n-hexane-diethyl ether-CHCl 3 (8:2:1, 4:1:1, and 3:1:1, each 800, 300, and 250 mL) yielded compound 3 (250 mg), while the less polar fraction (200 mg) gave compound 1 (50 mg), after purification by radial chromatography on silica gel eluting with n-hexane-diethyl ether-CHCl 3 (6:2:1). 
